S
ince 1952, the National Residency Matching Program (NRMP) has provided matching services to medical students applying to American Council of Graduate Medical Education (ACGME) accredited residency programs. The NRMP employs a mathematical algorithm to "match" rankordered preferences of applicants to those of residency program directors. 1 In 2009, US neurosurgery residency programs transitioned from the San Francisco Match program to the NRMP. 1 The NRMP publishes a comprehensive summary of match data for all specialties in 2 reports entitled Results and Data and Charting Outcomes of the Match. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Several specialties, such as plastic surgery, emergency medicine, and orthopedic surgery, have utilized NRMP-published reports to analyze trends in their own residency match data and to identify characteristics of matched applicants to their specialties. [14] [15] [16] However, similar analyses of neurosurgery match data and applicant characteristics are lacking in neurosurgery peer-reviewed literature.
Analyzing trends in neurosurgery match data is important for many reasons. First, since 2009, the number of neurosurgery residency programs has increased from 97 to 107, leading to an increase in the number of residency positions from 191 to 218. [1] [2] [3] [4] [5] [6] [7] [8] [9] It is unknown whether increase in the number of programs and positions has resulted in a decrease in neurosurgery match competitiveness. Second, by 2020, all American Osteopathic Association (AOA) accredited and ACGME-accredited residency programs will ABBREVIATIONS: ACGME, American Council of Graduate Medical Education; AOA, American Osteopathic Association; GME, graduate medical education; IMG, international medical graduate; NIH, National Institutes of Health; NRMP, National Residency Matching Program; USMLE, United States Medical Licensing Examination transition to a single accreditation system under the supervision of the ACGME. 17 In the current system, osteopathic students are eligible to apply to both AOA-accredited and ACGMEaccredited neurosurgery programs, but only 10 osteopathic medical students have matched in ACGME-accredited programs since 2009. [1] [2] [3] [4] [5] [6] [7] [8] [9] For the academic year starting in 2020, all osteopathic and allopathic medical students will be entering a single NRMP match for ACGMEaccredited neurosurgery programs. 17 Therefore, there is value in performing a baseline evaluation of neurosurgery residency match data before 2020, when the influx of osteopathic medical students will undoubtedly alter the dynamics of the neurosurgery match.
Third, since 2009, a total of 388 graduating US medical students who ranked neurosurgery as their preferred (first) choice have failed to match in neurosurgery. [1] [2] [3] [4] [5] [6] [7] [8] [9] A survey of first-year neurosurgery residents showed that the mean cost of the application process is $10 255. 18 The tremendous loss of productivity and expense resulting from failure to match places a responsibility upon those making match decisions to candidly advise medical students about their prospects of matching in neurosurgery. Therefore, a report on neurosurgery match data and applicant characteristics will be invaluable to medical student advisors and to prospective students entering the NRMP neurosurgery match.
For each of the above reasons, the objective of this article is to analyze trends in the neurosurgery match and to document characteristics of matched graduating US medical students since neurosurgery joined the NRMP in 2009.
Data Collection
To examine trends in the neurosurgery match, data were obtained from NRMP, Results 
Rationale for Selecting Graduating US Medical Students who Ranked Neurosurgery as Preferred Choice
The NRMP classifies applicants to the match into 2 broad categories: graduating US medical student and Independent. US allopathic medical schools sponsor graduating US medical students to apply for the match. Independent applicants are those in all categories other than graduating US students, including graduates from foreign medical schools, osteopathic medical schools, and previous US allopathic graduates. Since the NRMP often presents data on Independent applicants as 1 group, it is not possible to determine values for variables, such as USMLE Step scores and number of publications, for a subgroup within Independent applicants. Therefore, due to the heterogeneity of the Independent applicant data, we only analyzed data on graduating US medical students who ranked neurosurgery as preferred (first choice) specialty.
Statistical Analysis
Normality of variables was assessed using the Kolmogorov-Smirnov test. Means and percentages were calculated where appropriate. Twotailed t-test was used to compare 2 normally distributed variables, whereas analysis of variance was used to compare 3 or more normally distributed variables. Data that were not normally distributed were analyzed using nonparametric tests (Wilcoxon rank-sum test for comparing 2 variables and Kruskal-Wallis test for comparing more than 2 variables). For categorical variables, percentages were calculated as appropriate, and statistical comparison was performed with Fisher exact test or chi-square test. Correlation between continuous variables was assessed using Pearson's test and reported as correlation coefficient (r).
Statistical significance was defined as P < .05. Statistical analysis was performed using SPSS 21.0 (IBM Corp, Armonk, New York).
RESULTS

Trends in Number of Neurosurgery Programs, Positions, and Applicants
From 2009 to 2017, the number of neurosurgery residency programs increased from 97 to 107 (r = 0.95, P < .001), and the number of residency positions increased from 191 to 218 (r = 0.98, P < .001; Table 1 ). However, there was no statistically significant trend in the total number of applicants (r = 0.54, P = .13), particularly graduating US medical students who ranked neurosurgery as their preferred (first choice) specialty (r = 0.56, P = .12). The total number of applicants varied from year to year, with 354 being the highest number in 2015 and 2016. Similarly, the total number of graduating US medical students who ranked neurosurgery as their preferred choice varied from year to year, with the highest number being 250 and 264 for 2015 and 2016, respectively. Of note, there were fewer graduating US medical student applicants in 2017 (210) than in 2009 (215). Graduating US medical students comprise the overwhelming majority of matched applicants, filling at least 87% of all positions since 2009, except in 2017 (84%). In 2017, the decrease in percentage of matched US graduating medical students was offset by an increase in that of US graduates (7%), a group consisting of US allopathic medical school graduates who previously failed to match. The number of unfilled positions has remained low since 2009, with the highest number of unfilled positions at 3 in 2010 and 2011 (Table 1) .
Trends in Neurosurgery Match Competitiveness
There was no statistically significant change in the applicant to position ratio for graduating US medical students who ranked neurosurgery as their preferred choice (r = 0.11, P = .78), although the ratio was lowest in 2017. Similarly, there was no significant change in the match rate for graduating US medical students who ranked neurosurgery as their preferred (first) choice (r = -0.20, P = .61). The match rate varied from year to year with the lowest at 75.2% and 75.8% in 2015 and 2016, respectively, and the highest at 87.1% in 2017 (Table 1) .
Matched Neurosurgery Applicants vs Overall Matched Applicants
A comparison of the qualifications of matched graduating US medical students who ranked neurosurgery as their preferred choice to those of matched graduating US medical students across all specialties showed that matched neurosurgery applicants were more competitive ( Table 2 ). Matched neurosurgery applicants on average ranked more programs (P = .001), had higher average USMLE Step 1 scores (P = .003), and had higher average number of abstracts, publications, and presentations (P = .006). In addition, matched neurosurgery applicants had a higher percentage of AOA students (P < .001), higher percentage of students graduating from top 40 NIH-funded medical schools (P = .001), and higher percentage of students with combined MD/PhD degrees (P < .001; Table 2 ). Averages and percentages for various applicant characteristics of matched graduating US medical students, including USMLE Step 1 and Step 2 scores, contiguous ranked programs, abstracts, presentations, and publications, AOA membership, graduation from top 40 NIH-funded medical school, and combined MD/PhD degree, for the years 2009, 2011, 2014, and 2016 are listed in Table 2 . Although the average USMLE Step 1 score for matched neurosurgery applicants increased from 239 (2009) to 249 (2016), there was a parallel increase in the average score for matched applicants across all specialties from 225 (2009) to 233 (2016). Similar parallel increases were noted in average number of ranked positions, average USMLE Step 2 score, average percentage of students with AOA status, and average number of abstracts, presentations and publications. There was a parallel downward trend in the percentage of students graduating from top 40 NIH-funded schools.
Predictors of Matching in Neurosurgery
A comparison of the qualifications of matched vs unmatched graduating US medical students who ranked neurosurgery as their preferred specialty showed that higher number of ranked programs (P = .02), higher USMLE Step 1 score (P = .02), AOA membership (P = .02), and graduation from a Top 40 NIHfunded medical school (P = .02) are independent and statistically significant predictors of matching in neurosurgery. Of note, combined MD/PhD degree (P = .25) and number of abstracts, publications and presentations (P = .25) were not found to be predictors of matching in neurosurgery (Table 3) .
DISCUSSION
In 2018, over 300 applicants, including graduates from international medical schools and from US allopathic and osteopathic medical schools, will be entering the NRMP neurosurgery match. The successful neurosurgical candidate is more likely to graduate from a US allopathic medical school, rank a higher contiguous number of neurosurgery programs, achieve AOA membership and score higher on the USMLE Step 1 examination than prior matched neurosurgery candidates. Practicing neurosurgeons who screen applications for residency positions often mention how grateful they are that they applied when they did, a sentiment rooted in the realization that current matched applicants are scoring higher on USMLE Step 1 than those of prior years. The steady rise in matched applicants' USMLE Step 1 scores has therefore led to a perception that the neurosurgery match has become increasingly competitive. This analysis of neurosurgery NRMP data, however, debunks this perception by demonstrating that despite increasing USMLE scores and the addition of 10 new ACGME-accredited programs with 27 additional residency positions, neurosurgery has maintained a stable level of competitiveness from 2009 to 2017.
Characteristics of Matched Neurosurgery Applicants
From 2009 to 2016, the mean USMLE score increased from 239 to 249 for Step 1 and from 237 to 251 for Step 2 (Table 2) . However, rising USMLE scores are not a trend unique to neurosurgery. Studies on trends in applicant characteristics for plastic surgery and emergency medicine demonstrate similar increases in matched applicants' USMLE Step 1 scores. 14, 15 As listed in Table 2 , from 2009 to 2016, the mean USMLE Step 1 score for matched applicants across all specialties increased from 225 to 233. The findings that combined MD/PhD degree is not a predictor of match success and that the percentage of matched applicants with combined MD/PhD degrees has progressively declined since 2009 may reflect applicants' lack of interest in pursuing a PhD degree in the face of a 7-yr residency, the longest of any specialty in medicine. The decreasing percentage of matched neurosurgery applicants from top 40 NIH-funded medical schools reflects an overall increase in the number of US allopathic medical schools. The lack of association between number of abstracts/publications and matching in neurosurgery perhaps indicates that applicant attributes other than research, such as interviewing skills and letters of recommendation, may ultimately play an important role in matching into neurosurgery.
Neurosurgery Match Competitiveness
Since 2009, there has been a net increase in 27 neurosurgery residency positions across the country. This increase in positions has resulted largely from ACGME accreditation of 10 new neurosurgery programs since 2009. This study demonstrates that neurosurgery match rates and applicant to position ratios do not demonstrate a trend towards increased competitiveness. The number of applicants varied from year to year, leading to inconsistent match rates. The year 2017 is an example of an anomalous year with the highest ever match rate (87.1%) due to a dramatic drop of 55 applications from graduating US medical students compared to the previous year. The year 2017 followed 2015 and 2016, the 2 most competitive years, with match rates of 73% and 75%, respectively. Due to the highly competitive 2015 and 2016 neurosurgery matches, it is possible that less competitive applicants may have been discouraged from entering the 2017 match, which may explain the steep drop in the number of applicants.
Graduating US medical students enjoy a distinct advantage among all applicants to the neurosurgery match. For example, in 2012, graduating US medical students made up 62.8% of all applicants but accounted for 87% of all filled positions. Similar trends are true across all years analyzed in this study, as demonstrated in Table 1 . Reasons for this trend may include language and cultural barriers faced by IMGs, or the stigma of failure to match for former applicants (referred to as US Graduates in NRMP reports), or a sense of obligation felt by those making match decisions to offer graduating US medical students the first right of admission.
The Future of the Neurosurgery Match
In 2014, the AOA, the American Association of Colleges of Osteopathic Medicine, and the ACGME agreed to form a single accreditation system for graduate medical education (GME) by 2020. The single GME will be under the supervision of the ACGME; as a result, by June 30, 2020, all AOA-accredited residency programs are required to obtain ACGME accreditation, which will lead to an increase in ACGME-accredited neurosurgery programs. In the current system, osteopathic students are eligible to apply to both AOA-accredited and ACGME-accredited programs, but only 10 osteopathic students have matched in ACGME-accredited programs since 2009 (Table 1) . However, for the academic year starting in 2020, all osteopathic and allopathic medical students will be entering a single NRMP match for ACGME-accredited neurosurgery programs. It remains to be seen how the influx of osteopathic medical students into the NRMP neurosurgery match will impact neurosurgery match competitiveness. A similar analysis to assess neurosurgery match competitiveness will be valuable in the years following the formation of a single accreditation system.
Limitations
Data collection was restricted to the information available in NRMP-published documents. Applicant demographical information is not available; therefore, we are unable to comment on applicant age, gender, and location. Data regarding graduating US medical student applicant characteristics, such as USMLE scores and AOA status, are released approximately every 2 yr. Since neurosurgery joined the NRMP in 2009, only 4 data points are available for various applicant characteristics, which limits the statistical analysis. All applicants other than graduating US medical students are categorized as Independent; therefore, we are unable to analyze match data for subgroups, such as foreign medical graduates, within the Independent category. The NRMP does not report on several factors that may contribute to applicant competitiveness, such as letters of recommendation, medical student performance evaluations, medical school grades, and faculty interviews. Future studies involving surveys of neurosurgical faculty are required to determine the impact of letters of recommendation and interview on applicant ranking.
CONCLUSION
Despite implementation of residency duty hour restrictions and increase in the number of ACGME-accredited programs and residency positions from 2009 to 2017, there has been no statistically discernable change in the level of competitiveness in the application process for neurosurgery. Analysis of characteristics of matched US medical graduates demonstrates an upward trend in USMLE Step 1 scores and number of contiguous ranked programs. The current analysis suggests that neurosurgery match competitiveness would be maintained even if the number of neurosurgery positions is further expanded. Medical student advisors and prospective applicants will benefit from these data as they prepare for future NRMP neurosurgery residency matches.
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